peritoneal dialysis patients (6.03 per 100 patient-years, 1995; 2.43, 2010; p = 0.0263). Mortality rates for transplant recipients (average 0.68 per 100 patient-years) were consistently lower than the rates for all dialysis patients (average 4.36 per 100 patient-years). Conclusions: One-year mortality rates differ by treatment modality in pediatric ESRD patients.
Introduction
In the United States, the incidence of pediatric endstage renal disease (ESRD) increased by 7.5%, from 14.6 per million population in 1995 to 15.7 in 2010 [1] . Prevalence increased by 25.3%, from 71.0 per million population in 1995 to 89.0 in 2010. Of the 1,395 patients aged 0 to 19 years who began renal replacement therapy in 2010, 81.4% received dialysis and 18.6% underwent kidney transplant. A US study of survival in adolescents with ESRD using United States Renal Data System (USRDS) data found improved survival rates for those undergoing kidney transplant compared with those receiving maintenance dialysis [2] .
Mortality rates remain a major concern for the pediatric ESRD population. Mortality rates are higher in children undergoing kidney transplant than for children in the general population, and even higher among children receiving dialysis than for children undergoing kidney transplant [3] . A recent study reported a significant decrease in overall mortality rates over time among children initiating dialysis treatment between 1990 and 2010, but did not evaluate trends in one-year mortality rates or compare rates across ESRD treatment groups [4] . Though one-year mortality rates have decreased in US adults receiving maintenance dialysis [5] , we were unable to find studies that examined one-year mortality rates over time and by treatment modality for pediatric ESRD patients. Thus, in this study, we described the trends and patterns in one-year mortality rates and risk in the pediatric ESRD population over time (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) and by treatment modality and age group.
Subjects and Methods

Data Sources and Study Design
This was a retrospective cohort study carried out using USRDS data. We created annual cohorts of period-prevalent pediatric (aged <19 years) ESRD patients for the period 1995-2010. Annual cohorts included patients as of January 1 and patients who were incident at any time during the year. We could not analyze incident patients separately because cohort counts were too small for stable estimates, but all adjusted results included adjustment for ESRD status (incident vs. prevalent). Eligible patients were required to have full Medicare coverage for medical and physician services. Complete Medicare claims coverage was needed to allow for censoring at changes in treatment modality ( fig. 1 ). Patients in the dialysis cohorts may have previously undergone kidney transplant. Since new cohorts were created for each year and patients were followed for up to 1 year, patients who survived and maintained eligibility appeared in multiple cohort years. In each year, followup began on January 1 for prevalent patients and on the date of ESRD initiation for incident patients. Follow-up continued until the earliest date of death, change in renal replacement therapy, loss to follow-up, or end of the cohort year (December 31). Patients could be considered incident only once, but patients who were censored during the year due to a change in treatment modality may have been included (if eligible) in the prevalent cohort of the succeeding year under their new modality.
Patient demographic and clinical characteristics included age at the beginning of follow-up (0-4, 5-9, 10-14, 15-18 years), sex, race (white, black, other), primary cause of ESRD (glomerulonephritis, congenital/reflux/obstructive, other, unknown/missing), ESRD status (incident, prevalent), and treatment modality (hemodialysis, peritoneal dialysis, transplant). Registration on a kidney transplant waiting list (yes/no) was identified from United Network for Organ Sharing data, and comorbidity status (none, ≥ 1, missing) from the Centers for Medicare and Medicaid (CMS) Medical Evidence Report (form CMS-2728). Cause-specific mortality (cardiovascular, infection, malignancy, missing, other) was determined from the CMS ESRD Death Notification (form CMS-2746); relevant codes appear in online supplementary table S1 (for all online suppl. material, see www.karger.com/doi/10.1159/ 000380828).
Patient characteristic variables were examined by cohort year, ESRD treatment modality, and age group. A Chi-square test for independence was used to test for differences by group; results were considered significant at the 0.05 level.
Mortality Rates and Odds of Death
The unadjusted one-year mortality rate per 100 patient-years was calculated for each annual cohort of period prevalent patients as: 100 × (number of deaths)/(total time at risk, expressed in years). A model-based approach (Poisson regression) was used to estimate these rates and the corresponding 95% confidence intervals, so weights could be incorporated into the calculations to account for differences in exposure times. Unadjusted rates were estimated separately by ESRD treatment modality, age group, and cohort year.
To study patterns in one-year mortality rates, we first considered unadjusted rates by the ESRD treatment group based on age and over time, and we used the corresponding 95% confidence intervals to check for differences. Next, we tested for differences in the unadjusted rates between independent cohort groups. The annual cohorts were not independent by design, but by comparing 1995 versus 2010, hemodialysis versus peritoneal dialysis versus transplant (one year at a time), and younger versus older (one year at a time), we could test for significant differences in mortality rates between independent cohorts using the Poisson regression model.
Lastly, we modeled the adjusted odds of mortality using generalized estimating equations to fit a logistic regression model that included adjustment variables for all listed patient and clinical characteristics and cohort year (see table 3 for a complete list of model covariates), and adjusted for patients in multiple cohort years by including a repeated effect with an exchangeable correlation structure. All analyses were performed using SAS version 9.1 (SAS Institute). All logistic regression models were fit using SAS PROC GENMOD and included an offset variable for patient follow-up time. Results were considered significant at the 0.05 level. 
Results
Patient Characteristics
Yearly cohorts included averages of approximately 1,200 maintenance dialysis patients (approximately 60% hemodialysis, 40% peritoneal dialysis; 25% incident) and 1,100 transplant recipients (3.5% incident). The number of annual cohort patients and demographic distributions did not change dramatically over time. Hemodialysis patients differed from peritoneal dialysis patients ( table 1 ) ; they were older (average age 14.2 vs. 10.4 years) and less likely to be white (54 vs. 67%), with lower incidence of congenital/reflux/obstructive causes as primary cause of ESRD (50 vs. 58%). About 26% of hemodialysis and 17% of peritoneal dialysis patients had undergone prior kidney transplant, and a little over one-third of all dialysis patients were waitlisted for transplant. Most patients had no comorbidity, but incidence of comorbidity was higher in hemodialysis than in peritoneal dialysis or transplant patients. Transplant recipients differed from dialysis patients ( table 1 ); they were more likely to be white (74%) and older (10% aged 0-4 years vs. 23% of peritoneal dialysis patients), with less comorbidity (73% had none).
Cause of Death
Cause of death was not available for 12% of maintenance dialysis patients and 16% of transplant recipients. To create sufficient sample size to study the trend over time, causes of death were grouped into the categories listed in table 1 . Causes included in these categories are listed in online supplementary table S1. Cardiovascular disease (average 33%) was the most common cause of death among dialysis patients and infection (26%) was the most common cause among transplant recipients ( table 1 ). We found no change in the common causes over time, by groups of years, for any renal replacement therapy modality.
Trends in One-Year Mortality Rates
Outcomes by patient characteristics are shown in table 2 and were similar for hemodialysis, peritoneal dialysis, and transplant patients. Overall, unadjusted oneyear, model-based mortality rates per 100 patient-years were lower in transplant recipients (0.7) than in dialysis patients (4.4) ( table 2 ). Hemodialysis and peritoneal dialysis patient mortality rates per 100 patient-years were higher for ages 0-4 and 5-9 than for other ages, for female than for male patients, for white (4.9) than for black (3.7) patients, for patients with congenital/reflux/obstructive causes of ESRD than for those with glomerulonephritis, and for patients not waitlisted than for those who were waitlisted. Hemodialysis patient unadjusted one-year mortality rates were higher for white than for black patients and for patients with one or more comorbid conditions than for those with none, but were not associated with prior kidney transplant. Peritoneal dialysis patient mortality rates did not differ notably by race or comorbidity status. Transplant recipient mortality rates were higher for ages 0-4 and 15-18 but did not differ notably by the primary cause of ESRD or comorbidity status. Trends in unadjusted one-year mortality rates are shown in figure 2 by treatment modality. Rates fluctuated from year to year in all groups. Unlike mortality rates for hemodialysis patients, rates for peritoneal dialysis patients showed evidence of a declining trend. Three of the four lowest mortality rate years (2002, 2007, 2009, 2010 ) were recent; rates per 100 patient-years decreased by 60% from 1995 (6.03) to 2010 (2.43, p = 0.0263). For transplant recipients, mortality rates were significantly lower than for dialysis patients in all years, peaking at 1.2 per 100 patient-years in 2002 and 1.06 in 1997.
Adjusted Odds of Mortality
For maintenance dialysis patients, mortality risk was significantly increased for ages 0-4 vs. 15-18, for patients with congenital/reflux/obstructive causes of ESRD vs. glomerulonephritis, for hemodialysis patients, for prevalent patients, and for patients with one or more comorbid condition versus those with none ( table 3 ) For transplant recipients, the only significant variations in the odds of mortality occurred by age; odds were higher for ages 0-4 and lower for ages 10-14, compared with ages 15-18.
Discussion
We studied mortality rates among cohorts of pediatric maintenance dialysis patients and kidney transplant recipients in each year from 1995 through 2010. An important finding is that one-year mortality rates for pediatric dialysis patients have not consistently declined over time, though we did observe evidence of a modest decline for peritoneal dialysis patients. Average annual mortality rates for hemodialysis and peritoneal dialysis patients were almost identical at about 4.3 per 100 patient-years (over all 15 years studied), and were consistently about 6 times higher than the average rates for transplant recipients. Using a model for the adjusted odds of mortality, we found that odds of yearly survival were better for older patients, male patients, and patients with glomerulonephritis as primary cause of ESRD compared with congenital/reflux/obstructive causes. We also found that race had no effect on the odds of survival within the cohort year.
This study provides important updates and new insights compared with prior studies evaluating mortality rates in pediatric ESRD populations. Ferris et al. [2] similarly used USRDS data from 1978 through 2002 to evaluate survival trends in incident adolescent (aged 12-19) patients with ESRD, and found improved survival for kidney transplant versus maintenance dialysis patients. Our study extends the analysis to younger patients, incident and prevalent patients, and mortality risk by dialysis modality. Our study design differs from the design of a study by Mitsnefes et al. [4] of mortality risk for children treated with dialysis. That study grouped incident patients aged younger than 21 years who started dialysis between 1990 and 2010 into 5-year calendar increments. All patients were followed until December 2010 unless censored by transplant or death. Patients in the 1990-1994 cohort were followed more than twice as long as patients in the 2005-2010 cohort. In contrast, we studied the oneyear mortality rates using annual point prevalent cohorts of patients aged younger than 19 years with up to 1 year of follow-up for each cohort. In addition, Mitsnefes et al. [4] excluded a sizable proportion of maintenance dialysis patients who had undergone prior transplant, and we included these patients.
We observed that the mortality rate was higher in peritoneal dialysis patients than among hemodialysis patients during the earlier years analyzed and lower in the later years; hence, there is evidence of decline in mortality rates for peritoneal dialysis patients, while rates for hemodialysis patients remained constant. Among pa- tients aged less than 10, mortality rates were lower for peritoneal dialysis than for hemodialysis patients, but this difference was not apparent among patients aged 15-18 years. This is consistent with findings from Mitsnefes et al. [4] , who demonstrated decreased mortality risk in peritoneal dialysis versus hemodialysis patients aged younger than 5 years, but not in children aged older than 5 years.
Patterns in mortality rates differed for hemodialysis and peritoneal dialysis patients, but an explanation was not apparent from the covariates we studied. Although hemodialysis patients were older, overall odds of mortal- 127 ity were highest for younger patients. Glomerulonephritis was the leading cause of ESRD for hemodialysis patients, and was associated with lower odds of one-year mortality. Although we observed a significant difference in the racial distribution of hemodialysis and peritoneal dialysis patients, we did not find race to be a significant risk factor for mortality. Possibly, overall health differs by treatment modality, and only the healthiest ESRD patients were started on peritoneal dialysis in recent years. Despite our findings that death rates remained constant (hemodialysis) or slightly decreased (peritoneal dialysis), mortality rates for pediatric dialysis patients remained extremely high. We found that mortality rates for pediatric dialysis patients were significantly higher than the rates for pediatric transplant recipients in all the years studied (average rates, 4.4 per 100 patient-years for dialysis patients, 0.7 for transplant recipients). The most recent National Vital Statistics Report [6] provides death rates per 100,000 patient-years for the general pediatric population in 2009; rates were 26.1, 12.2, 15.7, and 53.5 per 100,000 patient-years for ages 1-4, 5-9, 10-14, and 15-19, respectively. Extrapolating mortality rates from our 2009 data to the same scale gives rates of 3,394 per 100,000 patient-years for pediatric (aged 0-18) maintenance dialysis patients and 203 per 100,000 patient-years for pediatric (aged 0-19) transplant recipients. Clearly, mortality rates for pediatric ESRD patients are much higher than for the general pediatric population, and the population is growing (a 7.8% overall increase in pediatric ESRD patients) [1] . Of concern, one-year mortality rates remained largely unchanged in the past 15 years in children undergoing maintenance hemodialysis despite technical advances in pediatric dialysis therapy over that period [7] . Kidney transplant is associated with marked reduction in mortality risk and with improved growth, neurodevelopment, and quality of life [2, 3, [8] [9] [10] . One strategy to reduce mortality in pediatric dialysis patients is earlier transplant.
Another previous study found a cardiac death rate in children with ESRD 1,000 times that in the general population [11] . In our study, cardiovascular disease was the most common cause of death for dialysis patients and the second most common cause for transplant recipients. We demonstrated that cardiovascular mortality rates remained unchanged over the past 15 years. It is a wellknown fact that there is significantly increased cardiovascular disease risk in the pediatric ESRD population compared with the general pediatric population [12] . However, at-risk children do not appear to be receiving the cardiovascular disease care that they require. Our recent study of pediatric maintenance hemodialysis patients demonstrated that only one-third had received an echocardiogram, the gold standard for diagnosis of cardiac disease [13] . Another recent study evaluated cardiovascular risk assessment in pediatric chronic kidney disease, dialysis, and kidney transplant patients at the time of transition to adult nephrology care [14] . Only 58% of cardiovascular risk factor assessments were documented, including echocardiogram, smoking assessment, family history of cardiovascular disease, lipid profile, and physical activity assessment. This study's limitations are as follows: First, generalizability is limited to pediatric patients with Medicare as primary payer. This requirement had the greatest impact on the number of available transplant patients since many pediatric transplant patients are not fully covered by Medicare and lose Medicare eligibility after 3 years. Second, as this was an observational study using Medicare claims data, all information was limited to claims and no observed relationships could be considered causal. Third, the factors used to assign treatment modality were not available for this study and are likely nonrandom. Children who could undergo preemptive transplant were able to avoid a period of dialysis. Selection of dialysis modality for potentially sicker or high-risk patients was likely individualized to fit the needs of the patient and family. Maintenance peritoneal dialysis is the modality most commonly prescribed for infants and small children [15] . Fourth, as we chose to consider incident and prevalent patients together to increase patient counts, we could not draw conclusions about differences between these groups. The number of incident patients (and number of deaths within that group) was small enough that (1) these patients could not be analyzed separately and (2) the combined rates (incident and prevalent together) were very similar to rates for prevalent patients alone. Combining incident and prevalent patients also produced annual cohorts that were not independent, since patients who met inclusion requirements for multiple years were in multiple cohorts. However, these period-prevalent cohorts are still useful for understanding the current state of pediatric ESRD mortality. Our results describe the annual one-year mortality rates for all available patients, in each year. Fifth, our study cohort included only patients with both Part A and Part B Medicare coverage. All patients had Part A coverage. The effect of lack of Part B coverage on mortality in pediatric ESRD patients is unknown.
In conclusion, we found that one-year mortality rates among pediatric dialysis patients have not changed dra-matically over the past 15 years; rates for hemodialysis patients remained relatively constant and rates for peritoneal dialysis patients showed evidence of a slight decline. However, one-year mortality rates were significantly higher for pediatric maintenance dialysis patients than for pediatric kidney transplant recipients, and one-year mortality rates for all pediatric ESRD patients were much higher than for the general pediatric population. Further improvement in dialysis procedures, early transplant, and cardiovascular disease evaluation, prevention, and treatment are needed for this population.
